INTRODUCTION
Abrasion-resistant cast irons represent one of the most complex microcomposite systems among engineering materials available to wear-resistance applications. Their range of mechanical and wear properties provide a broad scope of options in meeting the challenges of a particular environment. High chromium irons can fill in the gap between the low toughness/good abrasion resistance Ni-Hard irons and the higher toughness/lower abrasion resistance high manganese steels. Nearly all high chromium cast irons commonly used for abrasion resistance are hypoeutectic alloys containing 10 -30 wt.% Cr and 2 -3.5 wt.% C [1] .
Wear resistance and mechanical properties of high chromium cast irons depend on an amount of carbides within their microstructures and on the matrix supporting the hard carbides. Increasing both the carbon and chromium contents increase the amount of carbides, and thus improve wear resistance, but also decrease toughness and worsen a fracture resistance of casting's material. Here, it is needed to point out that abrasion resistance is not a marked property like hardness or tensile strength but it depends on conditions where the abrasion takes place. There is no general correlation between abrasion resistance and hardness [2] .
Depending on the chromium content, a few types of carbides can be found in the microstructure of high chromium cast irons. In lower chromium irons with less than 10 wt.% Cr, the eutectic carbides M 3 C are formed with hardness of around 1000 HV. Alloying with 3 -5 wt.% Ni and 1 wt.% Mo can increase abrasion resistant because of the martensitic matrix is produced [3] . More marked increasing in abrasion resistant can be accomplished by alloying with more than 10 wt.% Cr, since there grows more carbides, mainly fibrous M 7 C 3 with a higher hardness of around 1400 -1600 HV. In practice the 16 -28 wt.% Cr cast irons with 2.5 -3.2 wt.% C proved successful. Their microstructure contains carbides of M 7 C 3 type and a small volume of M 23 C 6 . Coarse eutectic carbides cause known high brittleness of the material, and under abrasion they are pulled out of the Considerable increasing of toughness and failure resistance can provide creating of some share of the austenite in the matrix. Mostly austenitic matrix can be attained by alloying with more than 2.5 wt.% Mo or a combination of 0.6 wt.% Mo + 1 wt.% Ni + 1.5 wt.% Mn, which is able to form the matrix having about 60% of austenite in a wall thicker than 50 mm at sand casting [2] . Since retained austenite reduces the bulk hardness, a decline in abrasion resistance might be expected. There was found, however, the retained austenite actually improves abrasion resistance due to its work-hardening properties. The transformation of austenite into martensite occurs not only at the worn strained areas (on a surface of scratch) but also in their neighborhood. Due to the work hardening of relatively large volumes of transformed austenite the cast iron possesses high abrasion resistance also on the surfaces where low pressures are acting [2, 4] .
The presented work is aimed to give results of testing the high chromium cast iron developed at authors' workplace. The iron contains about 18-22 wt.% Cr, 2.5-4.5 wt.% C, 1.7 wt.% Mo, 5 wt.% Ni, 2 wt.% Mn and a trace amount of Ti and V to improve its toughness. The iron has very good casting properties, which enable to pour the complex shaped castings with the wall section about 3 mm. The castings do not require the heat treatment and in the range of the wall section from 3 to 40 mm the as-cast material has the remarkable abrasion resistance.
EXPERIMENTAL PROCEDURE
The high chromium cast iron was prepared by melting a charge based on two moderately different feedstocks in an induction furnace. For the first type of the charge (B) a low Si pig iron and ferroalloys like a low carbon and high carbon FeCr, FeMo, FeMn, FeTi, and FeV were used. In the composition of second charge (C) the pig iron was substituted for steel scrap and a liquid metal was carburized using a calcined petroleum coke and the high carbon FeCr. The Si content should be as low as possible. In these irons, silicon is a restricted element since it increases carbon activity and promotes graphite formation and retards the formation of carbides. In addition, silicon reduces the hardenability and promotes pearlite formation, therefore having an adverse effect on the wear resistance. The molten iron was cast at pouring temperature of 1450°C into the synthetic resin sand molds. The chemical compositions of alloys are shown in Table 1 . Abrasion resistance of the stated high chromium cast irons was examined under real conditions of crushing the ferroalloys by repetitive strokes using tools of a cylinder shape so called a hammer. Since a crusher was capable of testing more materials at the same time, we decided to trial the reference hammers together with those poured from two types of cast irons listed in Table 1 . Cast iron tools were tested in as-cast state. The reference hammers were machined from the steel STN 19 436 (in wt.%: 1.8-2.05 C; 0.2-0.45 Mn; 0.2-0.45 Si; 11-12.5 Cr; max 0.5 Ni) quenched and tempered on hardness about 61 HRC.
RESULTS AND DISCUSSION
At tests, we pursued weight losses of particular hammers as well as a loss of a length against an original length of an active portion which was 130 mm at all tools. As a criterion for evaluating a relative abrasion resistance  w was taken, when
, where w r is the weight loss of the reference hammer and w i is the weight loss of cast hammers. A supplementary criterion was a relative abrasion resistance  l , when
, where l r is the length loss of the reference hammer and l i is the length loss of cast ones. The character of wear of the iron and steel hammers is documented in Fig. 1 .
Figure 1: The length and shape of worn hammers made from: a) steel STN 19 436; b) highchromium cast iron of 4.3 wt.% C
Values of the weight and length losses measured for particular hammers and calculated values of the relative abrasion resistance against the reference steel hammer are given in Table 2 . In Table 2 we can see that the abrasion resistance increased as the carbon content is increasing, and there is an apparent anomaly between losses of weight and length of all iron hammers against the reference one. The hammer C poured from hypereutectic cast iron which diminished from its original length of 130 mm to 129.3 mm, i.e. by 0.7 mm, proved the lowest wear and on its face a flat area about 3 cm than at more shortened reference one. A discrepancy between the loss of length and weight can be explained by the fact that on hammer's face and in its close vicinity where the tool is exposed to the highest impact stress, in consequence of plastic deformations the austenite transforms into the martensite and the material becomes significantly more resistant to abrasion wear. After quenching and tempering the material of reference hammer, the steel STN 19 436, had the hardness about 61 HRC in the whole volume. In its volume nearly no retained austenite occurs, and its resistant to abrasive wear is the same on its face as on its body. At the iron hammer, which has a high volume of austenite in its structure, the material of a body portion is not hardened by plastic deformation and there occurs only the abrasion of a relative mild surface by hard particles of ferroalloys. The analysis of microstructure, documented in Fig. 2 and 3 , corroborated the results of abrasion wear tests carried out with the studied high chromium cast irons. The microstructure of the 3.8% C cast iron (B) consists of austenite matrix and eutectic cells consisting of eutectic austenite and eutectic carbides M 7 C 3 (Fig. 2) . Eutectic carbides grow to fine rod fibers in the eutectic cell between primary austenite and solidify last [1, 5] . In Fig. 2 , they show hexagonal cross section and are irregular distributed but connected each other.
Figure 2: Microstructure of as-cast high-chromium 3.8 wt.% C iron
In the structure of the hypereutectic high chromium cast iron with the Cr 4.3 wt.% (C), documented in Fig. 3 , we can pinpoint the large primary carbides of M 7 C 3 type which can achieve hardness up to 2100 HV. Their grain size is far coarser than that of eutectic carbides. They follow the hexagonal crystal growth system and have a rod-shaped morphology on a transverse section. Each side plane of a rod hexagonal crystal of primary carbide M 7 C 3 is very smooth; hence the growth is inwards as the crystal is enveloped by its sides. As we can observe some carbides M 7 C 3 have a core. When the enclosed melt solidifies, a eutectic structure or a small amount of shrinkage is formed; hence the matrix material of the same composition as that adjacent to the carbides or the shrinkage holes are inside a hexagonal single crystal, particularly in large, coarse primary M 7 C 3 carbides [5, 6] . The size of M 7 C 3 rods is closely related to cooling rate. When fast cooling occurs,
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Figure 3: Microstructure of as-cast high-chromium 4.3 wt.% C iron
The longtime development of the cast iron with the Cr content about 20 wt.% alloyed with the combination 1,7 wt.% Mo + 5 wt.% Ni + 2 wt.% Mn showed what a role is for the retained austenite. This type of high chromium iron with the 2.5 wt.% C proved successful for tools used for turning the pressed ceramics specified for high-voltage insulators. Although an abrasion effect of the turned ceramics caused the height of a cutting wedge decreased about 5 mm, a cutting edge was sharp enough during the whole tool life (about 100 hours) and its radius did not exceed 0.2 mm. In [4] , this self-sharpening effect was explained that in a nose of a cutting tool there is the highest level of deformation and consequently, the biggest strain hardening owing to a transformation of austenite into martensite. Because the less hardened minor flank of the tool is less resistant to the abrasion and it wears faster, the sharp wedge is formed constantly. This assumption was confirmed by hardness measuring at the plastic deformed areas where the deformation caused an increase in hardness about 8 to 10 HRC.
CONCLUSION
Today the high chromium cast irons are considered a promising category of metal materials. The basic near eutectic system Fe -C -Cr gives the cast irons good casting properties and a liquid temperature about 1200°C what entails a low energy consumption to prepare a liquid metal. The described irons illustrate what the utility properties can attain a carbide cast iron with the metastable austenite matrix. Particularly high toughness of the austenite enables substantially to increase the carbon content, up to the hypereutectic region, where a big volume of carbides ensures the high abrasion resistance and at the same time the iron has still sufficient toughness and the high fracture resistance.
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The high abrasion resistance of this chromium iron is seemingly contrary to a common opinion about bad abrasion resistance of austenite which is characteristic for austenitic nickel ductile irons, chromium-nickel or manganese steels. Austenite of presented chromium cast irons is characterized but by different properties. It has a lower stability therefore the plastic deformation caused by abrasive particles brings about the transformation of austenite into martensite not only in deformed areas, but in their nearest vicinity, which results in hardening the relatively large volumes of materials.
